With the Intention for Thrombectomy as Primary Endovascular Treatment for Acute Ischemic Stroke (SWIFT PRIME) study were assessed. Methods-We evaluated associations between imaging assessments (baseline mismatch profiles/ischemic core volumes and successful reperfusion) with imaging outcomes (27-hour infarct volume/growth) and clinical outcomes (modified Rankin Scale scores at 90 days). Imaging variables that predict favorable clinical outcomes were assessed in both univariate and multivariate models. Results-One hundred and ninety-five patients were included. Successful reperfusion and infarct volume (assessed at 27 hours) were powerful independent predictors of favorable clinical outcomes (modified Rankin Scale score of 0-2 at 90 days). Patients with the target mismatch profile at baseline had a higher rate of reperfusion, lesser infarct growth, smaller infarct volumes, and better clinical outcomes in the Solitaire plus tissue-type plasminogen activator (intervention) group than those in the tissue-type plasminogen activator-alone (control) group. Patients with larger mismatch volumes at baseline had a trend toward better treatment response in the intervention group than patients who had smaller (<50 mL) mismatch volumes. Conclusions-Patients who achieved reperfusion had substantially more favorable clinical and imaging outcomes in both the intervention and the control groups. Infarct volume at 27 hours strongly correlated with clinical outcome at 90 days in both treatment groups. SWIFT PRIME patients with the target mismatch profile had a highly favorable response to endovascular therapy on both clinical and imaging outcomes. Both reperfusion and infarct volumes at 27 hours were powerful and independent predictors of 90-day clinical outcomes. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT01657461.
A variety of imaging-based predictors of clinical outcomes have been reported. Patients with target mismatch profile (TMM) have a relatively small ischemic core and a substantially larger region of critical hypoperfusion; these patients have a strong association between early reperfusion and favorable clinical outcomes. [1] [2] [3] [4] In contrast, patients with the malignant profile have either a large ischemic core or a large and severe perfusion deficit. These patients have more rapid early infarct growth and a poor prognosis irrespective of intravenous reperfusion. 4, 5 Background and Purpose-Imaging findings can predict outcomes in patients with acute stroke. Relationships between imaging findings and clinical and imaging outcomes in patients randomized to intravenous tissue-type plasminogen activator-alone versus tissue-type plasminogen activator plus endovascular therapy (Solitaire device) in the Solitaire
Other commonly reported outcome predictors on baseline imaging studies are ischemic core volume, perfusion lesion severity and volume, and mismatch volume (differences between the volume of critical hypoperfusion and the ischemic core volume). [6] [7] [8] [9] [10] On follow-up imaging studies, the timing and degree of reperfusion achieved, infarct volume, and infarct growth are strongly associated with clinical outcomes. [11] [12] [13] Patients who have complete, or near complete, reperfusion have considerably better outcomes than those with lesser degrees of reperfusion.
14 Smaller infarct volume and growth are also strongly associated with more favorable outcomes. 1, 3, 15 Solitaire With the Intention for Thrombectomy as Primary Endovascular Treatment for Acute Ischemic Stroke (SWIFT PRIME) evaluated the accuracy of early brain imaging, primarily with computed tomographic (CT) perfusion, for estimating the volume of irreversibly injured ischemic core tissue and the volume of critically hypoperfused tissue. The results of this analysis demonstrated that baseline ischemic core volumes predicted 27-hour infarct volumes in patients who achieved reperfusion (median absolute difference, 9 mL in TMM patients). 15a In patients who did not reperfuse, baseline Tmax>6 s perfusion lesion volumes strongly correlated with 27-hour infarct volumes. In TMM patients, the union of baseline core and 27-hour Tmax>6 s volume predicted 27-hour infarct volume with a median absolute error of 13 mL in TMM patients.
The objective of the current analysis, which was prespecified in the SWIFT PRIME statistical analysis plan, was to evaluate relationships between baseline and follow-up imaging assessments with clinical and imaging outcomes in SWIFT PRIME.
Methods
The methodology and main results of SWIFT PRIME have been published. 16, 17 Eligible patients were randomized to receive treatment with intravenous tissue-type plasminogen activator (tPA) alone versus tPA plus endovascular therapy (Solitaire device). Baseline ischemic core lesions and hypoperfusion volumes were generated in real time during the study using fully automated software (RAPID; iSchemaView, Menlo Park, CA), which was installed at the study sites. CT perfusion and magnetic resonance imaging (MRI) diffusion/perfusion protocols were adjusted at each site to harmonize acquisition parameters. For patients with baseline CT perfusion scans, the ischemic core was identified by the RAPID software as tissue with a >70% reduction in cerebral blood flow when compared with normally perfused tissue. For patients who had an MRI at baseline, the ischemic core was identified as tissue with an apparent diffusion coefficient of <620×10 −6 mm 2 /s. The hypoperfusion volume was identified as tissue with Tmax>6 s; when necessary, the SWIFT PRIME imaging core laboratory corrected the automated Tmax volume assessments to remove artifacts.
During the initial phase of SWIFT PRIME, enrollment was restricted to patients with the TMM profile, defined as MRI-or CTassessed ischemic core lesion volume of ≤50 mL, Tmax>10 s lesion ≤100 mL, mismatch volume (hypoperfusion volume-ischemic core) ≥15 mL and mismatch ratio (hypoperfusion/ischemic core) >1.8. The malignant profile was predefined as an MRI-or CT-assessed ischemic core volume >50 mL and a Tmax>10 s lesion >100 mL and the no-mismatch profile was defined as a mismatch volume <15 mL and mismatch ratio <1.8. Patients with the no-mismatch or malignant profile were categorized as having no target mismatch (no TMM). Patients without TMM were excluded from enrollment in the original protocol. After 71 patients were enrolled, the protocol was modified to make perfusion imaging optional; however, the majority of patients continued to have perfusion imaging performed before randomization. Sites were encouraged to continue to follow the TMM criteria for patient selection if these results were available before randomization. Eight patients had CT perfusion or multimodal MRI at sites that did not have RAPID installed; these cases were postprocessed with RAPID by the core laboratory.
Twenty-seven-hour infarct volume was assessed by manually outlining the subacute fluid attenuation inversion recovery lesion or outlining the subacute hypodense lesion on noncontrast CT. Regions of hemorrhagic transformation were included in the infarct volume. If both a CT and an MRI were performed at ≈27 hours, then the volume from the MRI lesion was selected. These manual outlines were performed before unblinding the treatment assignments. Infarct growth was defined as the difference between the 27-hour infarct volume and the baseline ischemic core volume.
Relationships between infarct volume and clinical outcomes were assessed by calculating the mean 27-hour infarct volume for each category of 90-day modified Rankin Scale (mRS) outcome (other than mRS score of 5 and 6, which were prespecified as a combined poor outcome group). Volumes for each treatment group were assessed separately and with both groups combined.
Relationships between 27-hour reperfusion and clinical and imaging outcomes were assessed. Reperfusion at 27 hours was defined based on the reduction in the hypoperfusion (Tmax>6 s) volume between baseline and 27 hours. The reperfusion percentage was calculated as the difference between baseline hypoperfusion volume and the 27-hour hypoperfusion volume divided by the baseline hypoperfusion volume. Patients who achieved >90% reperfusion were classified as having achieved successful reperfusion; all others were classified as not having achieved successful reperfusion. Intervention group patients who did not have a 27-hour perfusion scan, but achieved thrombolysis in cerebral infarction 3 reperfusion in the cath laboratory, were included in the successful reperfusion group (the rationale for this is that 93% of the thrombolysis in cerebral infarction 3 patients who also had 27-hour perfusion imaging had >90% reperfusion at 27 hours).
Relationships between clinical and imaging outcomes were assessed for the TMM, the no TMM patients (ie, no-mismatch or malignant profile), and patients who did not have CT perfusion or multimodal MRI (ie, no-mismatch assessment performed). Data for patients with the malignant profile were also analyzed separately. Data were compared between patients with large (>50 mL) versus small mismatch volumes and moderate (25-50 mL) versus small (<25 mL) baseline ischemic core volumes.
The percentages of patients who developed a PH1 or PH2 after treatment (confirmed by either the Clinical Events Committee or the Core laboratory) were compared for TMM versus no TMM patients, as well as for the group with substantial reperfusion versus no substantial reperfusion.
To assess univariate predictors of functional independence (mRS score of 0-2) at 90 days, the following imaging variables were included: baseline ischemic core volume, baseline Alberta Stroke Program Early CT Scan (ASPECTS) score (assessed by the local investigator), site of vessel occlusion, TMM versus no TMM, Tmax >6 s and >10 s volumes, and the Tmax >6 s/>10 s ratio, 27-hour infarct volume, absolute infarct growth, and successful reperfusion at 27 hours. Predictors with univariate P<0.20 were entered into the multivariate model, which was then two baseline clinical characteristics that are well-established outcome predictors (age and baseline National Institutes of Health Stroke Scale [NIHSS]) were also included in the univariate model: pared to predictors with multivariate P<0. 20 . Randomized group assignment (intravenous tPA alone versus tPA plus Solitaire) was included in multivariate modeling as a required covariate, irrespective of associated P values. Collinearity in the multivariate analysis was addressed by evaluating model results with and without combinations of correlated variables, notably 27-hour infarct volume versus infarct growth and the triad of Tmax>6 s, Tmax>10 s, and their ratio. Infarct growth was then excluded in favor of including 27-hour infarct volume, which was available for a greater number of subjects.
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Statistical Analyses
Because of non-normality of the data, median values and interquartile ranges were calculated and are presented instead of means and SD. Similarly, Wilcoxon rank-sum test was used to compare results on pairs of subgroups within the patient population, whereas rank-ANOVA was used for analyses of multifactorial sets of subgroups. All univariate and multivariate predictive analyses of functional independence were performed using logistic regression with stepwise selection for multivariate models. All P values are 2 sided, with values <0.05 are considered statistically significant. Missing data for functional independence at 90 days were handled in accordance with the study protocol, using last value carried forward when evaluations were available at 30 days or 7 to 10 days. Censored from the analyses were 5 patients who withdrew without an available 7-to 10-or 30-day visit.
Results
One hundred and ninety-six patients were enrolled in SWIFT PRIME. Of these, 195 met criteria for at least 1 analysis of data in the current investigation (all study data from 1 patient were deleted at the patient's request), including 166 with baseline perfusion imaging processed by RAPID from CT perfusion (80%) or multimodal MRI (20%). Examples of the imaging profiles (TTM, no TMM, and malignant profile) are shown in Figure 1 . Clinical outcomes assessed at 90 days were available in 191 patients. Infarct volumes were determined for 191 patients by MRI (57%) or CT (43%) at 27 hours; 190 patients had both clinical outcomes and 27-hour infarct volumes available. The median processing time for generation of the RAPID maps was 189 s (interquartile range, 121-321 s). Of the 71 patients enrolled before the revision in imaging requirements, 68 had the TMM profile and 3 had no TMM (2 had no-mismatch and 1 had the malignant profile). After the revision, 125 patients were enrolled, including the patient with all study data removed. Of the remaining 124, 73 had TMM, 22 had no TMM (21 malignant profile and 1 no-mismatch profile), and 29 had no baseline perfusion imaging/RAPID analysis performed.
The baseline characteristics and primary results of the patients in SWIFT PRIME have been reported. 16, 17 Clinical outcomes were substantially better in the intervention group; the mRS score of 0 to 2 rate at 90 days was 60% versus 35% (P<0.001). Median 27-hour infarct volumes in the entire population were 32 mL in the intervention group versus 35 mL in the control group (P=0.088).
Relationships Between 27-Hour Infarct Volumes and Clinical Outcomes
There was a potent relationship between 27-hour infarct volumes and clinical outcomes. Figure 2 shows infarct volumes in both randomized groups combined, stratified by 90-day mRS. The results demonstrate progressively larger infarcts as the mRS increases (Spearman ρ correlation coefficient, 0.57; P<0.001).
Although there were more patients in the intervention versus control groups with small infarct volumes and more favorable mRS scores, within each mRS stratum, there was no significant difference in 27-hour infarct volumes between randomized groups. The c-statistic for 27-hour infarct volume predicting functional independence (mRS score of 0-2) at 90 days was 0.75.
Relationships Between 27-Hour Reperfusion and Clinical and Imaging Outcomes
Seventy of 81 patients (86%) in the intervention group versus 21 of 52 (40%) in the control group achieved successful reperfusion (P<0.001). Among patients who did not achieve successful reperfusion (tPA-alone and intervention groups combined), the median degree of reperfusion at 27 hours was 49%. Irrespective of treatment allocation, patients who achieved successful reperfusion had more favorable clinical outcomes, smaller 27-hour infarct volumes, and lesser infarct growth than nonreperfusers (Table 1) . Patients in whom reperfusion could not be assessed (because 27-hour perfusion imaging was not performed) had intermediate results in both clinical outcomes and 27-hour infarct volume/growth. Intervention group patients who successfully reperfused had a trend toward better clinical outcomes than control group patients who successfully reperfused. Higher reperfusion rates were strongly associated with more favorable clinical outcomes in both the intervention and the control group patients (Table 1; Figure 3 ). Patients with the TMM profile had significantly higher rates of reperfusion, lesser infarct growth, smaller infarct volumes, and higher rates of functional independence at 3 months in the intervention versus control group (Table 2) . Baseline characteristics were well balanced in the TMM patients.
In the no TMM group, power was constrained by small sample size. Three-month functional independence rates in both treatment groups were ≈10% lower than the rates in the TMM groups (Table 2 ).
All but 3 of the no TMM patients had the malignant profile. Malignant profile patients were significantly younger in the intervention group than in the control group (mean age, 61.5 years [n=13] versus 71.4 years [n=9]; P=0.018); the median baseline NIHSS was 17 (intervention) versus 18 (control). Median baseline ASPECTS scores, as assessed by the local investigators, in malignant profile patients were 8.5 (interquartile range, 7.5-9.5) in the control group versus 7 (interquartile range, 7-8.5) in the intervention group (P=0.30; n=20). The outcomes of patients with the malignant profile in the tPA-alone group were generally poor (25% with mRS of 0-2 at 90 days). The rate of functional independence at 3 months in the malignant profile endovascular group was 54%, but not significantly different from the tPA-alone group (P=0.29). Among the malignant profile patients, trends favoring the interventional group were also seen for median infarct growth (50 versus 211 mL; P=0.18) and median infarct volume (76 versus 232 mL; P=0.12). Among the malignant profile patients (n=22), 20 were malignant because of a Tmax>10 s and volume >100 mL; only 2 were malignant because of baseline ischemic core lesions >50 mL. These 2 patients had ischemic core volumes of 54 and 103 mL, both were randomized to the endovascular group and both had large 27-hour infarct volumes (104 and 139 mL, respectively).
Patients with no-mismatch data available had rates of functional outcome that were ≈10% lower in both the intervention and the control groups than those in the TMM groups ( Table 2 ). The endovascular patients with no-mismatch data had larger infarct volumes than the control group patients, and 27-hour lesion volumes were substantially larger than the TMM endovascular patients (P=0.012). The difference in 27-hour infarct volume (intervention versus control) for all patients who had mismatch data at baseline was significant: 24 mL (interventional) versus 36 mL (control), P=0.025, and the difference in the TMM group was 17 mL (interventional) versus 32 mL (control), P=0.010. Baseline ASPECTS scores, NIHSS, hemisphere involved (right versus left), and age did not differ among the intervention patients with no-mismatch data available when compared with the intervention patients with TMM. Infarct growth cannot be assessed in the no-mismatch data patients because, by definition, no baseline ischemic core volume assessment is available.
Times to Randomization and Femoral Puncture in Mismatch Assessed Versus No-Mismatch Assessed
Patients who had perfusion imaging and mismatch assessment performed had no differences in the time between emergency department arrival and randomization compared with patients who did not have perfusion imaging obtained: median 66 (n=164) minutes for mismatch obtained versus 61 (n=28) minutes for no-mismatch assessment (P=0.57). In addition, the median time between emergency department arrival and femoral puncture did not differ: 92 minutes for mismatch assessed versus 88 minutes for no perfusion imaging performed (P=0.84). There was a trend toward longer times between symptom onset and arrival at the study site for the patients who had mismatch assessed: median 114.5 (n=164) minutes versus 65.5 (n=28) minutes, P=0.071. This difference is primarily because of the fact that a higher percentage of the no-mismatch assessed patients presented directly to the study site (79% versus 63%) as opposed to being transferred from an outside hospital.
Relationships Between Baseline Mismatch Volume and Baseline Ischemic Core With Clinical and Imaging Outcomes
Thirty-four patients with small mismatch volumes (<50 mL) were enrolled; these patients had similar baseline characteristics in the control group versus intervention group, and their reperfusion rates were similar to the entire patient population. Among patients with small mismatch volumes, the rate of functional independence was 7 of 14 (50%) in the control group versus 11 of 20 (55%) in the intervention group (P=1.0). In patients with a larger mismatch volume, these outcomes were 34.4% in the control group versus 62.7% in the intervention (P=0.002). The absolute difference in treatment response (5% in patients with for small mismatch compared with 28% in patients with larger mismatch) was not statistically different (Breslow-Day test, P=0.23). Few patients (n=15) had a moderate-sized baseline infarct core (25-50 mL). No significant differences in clinical or imaging outcomes between the intervention and the control groups were apparent for this small subgroup; however, results tended to favor the intervention group for infarct growth (22 versus 53 mL), 27-hour infarct volumes (49 versus 91 mL), and 90-day mRS score of 0 to 2 outcomes (56% mRS score of 0-2 outcome versus 33%). 
Univariate and Multivariate Analyses
Univariate predictors with a significant relationship to functional independence (mRS score of 0-2 at 90 days) were age, baseline NIHSS, randomization to the endovascular group, infarct volume at 27 hours, successful reperfusion, and infarct growth ( Table I in the online-only Data Supplement). The
Tmax >6 s/>10 s ratio had a P value of 0.091. In an exploratory analysis, the combination of baseline Tmax>6 s volume and reperfusion <75% had a P value of 0.055 (Wilcoxon ranksum test), but was not included in the multivariate analysis. In a multivariate model incorporating only data available at baseline, independent predictors were age, NIHSS, and randomized treatment assignment (intervention versus control). In a multivariate model additionally incorporating postrandomization variables, the only independent predictors were infarct volume at 27 hours and successful reperfusion. Randomized treatment assignment, while an independent univariate predictor of outcome and a significant predictor in the baseline model, was not significant in the presence of the postrandomization variables. Baseline ischemic core volume, baseline ASPECTS score, and baseline perfusion lesion 
Discussion
This study documented a strong association between 27-hour infarct volume and clinical outcomes in both the tPA-alone and the endovascular group. Patients with mRS scores of 0 to 1 at 90 days typically had 27-hour infarct volumes in the range of 10 to 15 mL. Patients with severe disability or death typically had infarct volumes exceeding 100 mL.
Patients who achieved successful reperfusion in the intervention versus control groups had well-balanced baseline characteristics, other than Tmax>6s volumes, which were slightly larger in the control group. Both control and intervention group patients who achieved successful reperfusion had dramatically better clinical and imaging outcomes than nonreperfusers.
Intervention group patients who reperfused had a trend toward better outcomes than control patients who reperfused; this could potentially be explained by earlier reperfusion. Although the specific time when reperfusion occurred cannot be determined for the tPA-alone group, faster time from symptom onset to reperfusion (modified thrombolysis in cerebral infarction score of 2b or 3) was significantly associated with functional independence in the intervention group (P<0.01). 17 Both the intervention group and the control patients who did not reperfuse had poor clinical outcomes (≈80% were disabled at 90 days). Infarct growth and 27-hour infarct volume were substantially larger in nonreperfusers in both treatment groups.
TMM profile patients in the intervention versus control group had a higher rate of reperfusion, lesser infarct growth, smaller infarct volumes, and better clinical outcomes. These results are similar to those of the Extending the Time for Thrombolysis in Emergency Neurological Deficits -IntraArterial (EXTEND-IA) study, which only enrolled TMM patients. 18 Few patients with the malignant profile were enrolled in SWIFT PRIME; therefore, this study does not have sufficient power to adequately assess this subgroup. Further investigation of the efficacy of early endovascular therapy in patients with the malignant profile is warranted.
The no-mismatch data available subgroup accounts for the more modest differences in 27-hour infarct volumes noted in the full population because these patients had a trend toward larger infarct volumes in the intervention group. Large baseline ischemic core lesions in these patients might explain this finding; however, baseline core volumes are not available for this subgroup. There is a statistically significant reduction in infarct volumes in the intervention group for the remainder of the study population. Of note, infarct growth rates could not be assessed for the no-mismatch data available group because no baseline ischemic core volume is available. For all patients where infarct growth could be assessed, growth was significantly reduced in the intervention group.
Patients who had perfusion imaging and mismatch assessment performed had a median time between emergency department arrival and randomization that was not significantly different when compared with patients who did not have perfusion imaging obtained. This is compatible with the quick processing time (median, 3 minutes) of the automated mismatch processing software used in SWIFT PRIME and the fact that obtaining perfusion imaging requires only a few additional minutes of scanning time.
Patients with large mismatch volumes had a robust clinical response to endovascular versus tPA-alone therapy. Among the 34 patients with small mismatch volumes (<50 mL), the treatment response was potentially less robust; however; the difference in treatment response between patients with small versus larger mismatch volumes was not statistically significant. Some prior data sets, including a post hoc analysis of the Desmoteplase in Acute Ischemic Stroke (DIAS) studies, demonstrated a treatment effect with an intravenous thrombolytic that was only present in patients with larger mismatch volumes. 19 Further studies of the benefit of endovascular therapy in patients with small mismatch volumes are warranted.
The increased rate of PH in patients with the malignant profile confirms the findings of previous studies. 4, 5 The trend toward fewer PH1 or PH2 hemorrhages in patients who did not have successful reperfusion is compatible with the established association between PH and large volume infarctions. [20] [21] [22] Clinical features (age and NIHSS) were predictors of outcome in the univariate model. These results confirm the findings of multiple previous studies. The 27-hour imaging outcomes of successful reperfusion and infarct volume were the only independent predictors of functional independence in the final multivariate analysis. This finding indicates that, even after accounting for infarct size, reperfusion has an additional influence on clinical outcome; patients with a given infarct volume at 27 hours had better outcomes if they reperfused. This could, in part, also explain why the clinical response to endovascular therapy in SWIFT PRIME seems to be more robust than the infarct volume differences: infarcts in the nonreperfused patients likely had not finished growing at 27 hours, but the clinical deficits reflect the persistent large perfusion lesion, which typically continues to evolve to infarction. 23 The fact that endovascular therapy is not an independent predictor of favorable 
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outcome suggests that the beneficial effects are being mediated by a combination of reperfusion and reducing infarct volume. This study has many limitations. SWIFT PRIME was stopped early because the predefined efficacy boundary was crossed at the fist interim analysis. This limits the sample size for subgroup analyses and many of the prespecified analyses in this article are underpowered. In addition, the results of this study are only applicable to patients evaluated with similar imaging protocols and postprocessing methods.
Conclusions
SWIFT PRIME patients with the TMM profile had substantially more favorable clinical and imaging outcomes in both the intervention and the control group. The considerable difference in reperfusion rates between the endovascular and the control groups likely mediates the majority of the endovascular treatment effect. Infarct volume at 27 hours was also a powerful and independent predictor of 90-day clinical *Infarct growth cannot be assessed because baseline ischemic core volumes not obtained. For all patients with infarct growth data available, the results were 28 mL (IQR, 15-78 mL) of absolute growth in the IV tPA arm vs 15 mL (IQR, 6-55 mL) of absolute growth in the IV tPA+Solitaire arm, P=0.010, Wilcoxon rank-sum test. 
